Abstract
genes, conferring resistance to carbon/phosphate/nitrogen starvation, heat shock, high/low 47 pH, UV-radiation, and oxidative stress, among others (5, 6).
48
Microorganisms living in an aerobic environment unavoidably encounter oxidative stress as a 49 by-product of their aerobic metabolism (7). The resultant formation of reactive oxygen 50 species (ROS) can lead to the damage of cellular components including membranes, DNA, 51 and proteins (8) . As an adaptation to this condition, bacteria produce enzymes such as 52 superoxide dismutases and reductases to scavenge these toxic components (9). Additionally, 53 cells also face external sources of oxidative stress: macrophages produce superoxide and 54 nitric oxide to kill invading bacteria (10); following perception of pathogens, plants also 55 induce the synthesis of organic peroxides (11) attributed to its dual biochemical functions. Dps has the ability to bind DNA and form DNA crystals, which may provide mechanical shielding against damaging agents (14, 18, 19) .
66
The ferroxidase activity of Dps may also contribute significantly to its protective abilities. Microcolonies on agarose pads were imaged by time-lapse fluorescence microscopy using an 
Results

232
Construction of a reporter strain for Dps production 233 234 To explore Dps production dynamics, we constructed a reporter strain of E. coli (named 235 "dps-mCherry"), with the mCherry gene introduced as a reporter for Dps production. The To verify Dps production, both strains were exposed to 0, 0. (Fig. 2) . Every colony grown in the absence of stressor showed a low average 296 fluorescence signal that decreased slightly over the duration of the imaging (Fig. 2 A) (Fig. 3 A) . No increase in 344 average maximum fluorescence value was observed when the H 2 O 2 concentration was 345 increased from 50 µM to 100 µM (Fig. 3 A) . The variability in the maximum fluorescence between the time to reach the fluorescence peak and its intensity was 0.80 with a p value < 367 0.0001 (Fig. 5 A) . Fluorescence peaks that were higher in amplitude were therefore strongly length throughout the course of the experiment. (Fig. 6, Fig. S9 E) microcolony at each point in time (Fig. 7) . The cells exposed to either 0 µM or 10 µM 394 hydrogen peroxide showed a similar, slightly increasing growth rate over time, ranging 395 between 1.1 and 1.8 μ h -1 (Fig. 7 A- , but showed a complete recovery of growth over several hours (Fig. 399 7 C). At 50 µM concentration of hydrogen peroxide, the growth was severely affected. Initial 400 growth rates of 0.2-0.3 μ h -1 increased slowly over time but only partially recovered over the 401 course of imaging (Fig. 7 D) . When the hydrogen peroxide was increased to 100 µM, cellular 402 growth was completely stalled during the entire duration of the imaging (Fig. 7 E) and at 100 µM cell growth was negligible, with an average growth rate of 0.01 μ h -1 (Fig. 8 A) .
410
The coefficients of variation for the average growth rates were low for the 0-30 µM H 2 O 2 411 conditions, ranging from 0.09-0.24, while the variation for 50 µM H 2 O 2 was extremely high at 412 0.75 (Fig. 8 B) 37% showed Group I response and 63% showed Group II response (Fig. 9 D) . All (100%) of 444 the colonies exposed to 30 µM H 2 O 2 exhibited Group II response (Fig. 9 D) (Fig. 9 D) . Finally, all (100%) of the colonies at 447 100 µM H 2 O 2 showed Group III response (Fig. 9 D) . promoter and an increase in cellular growth rate that dilutes the reporter protein (Fig. 7) , 487 with a minor contribution from photobleaching of the reporter protein (Fig. S5) . The absence 488 of a decrease in signal intensity at the highest concentration of H 2 O 2 (Fig. 2E,F ) can be 489 explained by the near-zero cellular growth rate in this condition (Fig. 7E,F ) that results in a 490 lack of dilution of the reporter protein.
491
We observe a correlation between the amount of stress applied to the cells and the peak 492 intensity of the Dps response, which saturates at the highest concentrations of stressor (Fig. 493 3). A correlation between the magnitude of the stress and the duration of the Dps response 494 is also indicated by our observations (Fig. 4) , so that stronger stresses are associated with 495 both longer and stronger Dps production. The lack of increase in the peak intensity of the Analysis of the stress conditions separately reveals that a low dose of H 2 O 2 does not result in 520 a major reduction in cell growth rate, although the Dps enzyme is already produced (Fig. 1,   521 7). When the H 2 O 2 concentration reaches a critical level, the bacteria exhibit extremely high 522 variability in growth rate. This variability does not correlate with either the intensity or the 523 variability of Dps production (Fig. 3, 8 activates a temporary stress-response state (Fig. 1, 2) . Unlike a true excitable noise-triggered 538 system, the return to an OFF state is not stereotypical in the case of Dps production. Instead, 539 the return to the initial state occurs after a variable period of time that partially depends on 540 growth kinetics. Additionally, we do not observe probabilistic entry into the ON state.
541
Instead, every cell that was exposed to hydrogen peroxide was seen to initiate Dps 542 production, and the kinetics and amplitude of the stress response were synchronized over 543 each microcolony throughout the duration of imaging. only, which seems to exhibit low variation (Fig. 1) .
553
The profile of the Dps response showed greater variability between different microcolonies 554 exposed to the same amount of stress than among different cells within microcolonies ( Fig.   555 1, 2). While some of this variability may originate from non-homogeneous distribution of 556 hydrogen peroxide in the environment, a relatively moderate amount of site-to-site 557 variability was observed on the agarose pads. The variability between microcolonies was 558 seen to be dramatically higher for stressor concentrations in which the microcolonies were 559 seen to fall into either of two different patterns of growth and expression behavior rather 560 than only one (Fig. 2, 9) . Most of the variability observed in the Dps responses is likely due to 561 differences between the progenitor cells of each individual colony. Non-genetic cell-to-cell 562 heterogeneity within a clonal population is common to many biological processes (34) The authors have no conflicts of interest. B) The average growth rate for each microcolony, and the coefficient of variation (CV) of growth rate among microcolonies, for each H 2 O 2 concentration. Two of the microcolonies exposed to 50 µM H 2 O 2 and ten of the microcolonies exposed to 100 µM H 2 O 2 are not visible in the plot because their average growth rate is 0. C) Scatter plot of the coefficient of variation vs. the average growth rate for each concentration of H 2 O 2 . R represents the correlation coefficient. *= p <0.05. 
